In this paper the energetic dynamic model of the tire-ground interaction in a vehicle is presented and a comparison with the LuGre friction model is given. The Power-Oriented Graphs (POG) technique is exploited for both representing and analyzing the two dynamic systems.
INTRODUCTION
Friction force at the tire-ground (vehicle-terrain) interface is the main mechanism to convert motor torque to longitudinal force. In the literature many models of the friction force have been proposed, such as Pacejka formulas [1], Dahl's model and LuGre model (see [2] , [3] for a reviewing of the main friction models). The need of a model describing the interaction between the tire and the road has more and more increased, in particular there is the need of a model able to catch the main nonlinear behaviors of friction and at the same time not too complex and with a few parameters to be tuned. The traditional approach to this interaction involves Pacejka's formulas [1] . These formulas are based on empirical data fitting and have some limits to their applicability. In fact they are static functions involving a great number of parameters that have to be set in function of different conditions such as road surface, tire pressure, vehicle load etc. Moreover they always require the presence of a slip to generate forces, but in this way it is not possible, for example, to simulate a vehicle at rest on an inclined surface. The LuGre model, proposed in [4] and then revisited in [5] , is a dynamic model able to describe also the stick-slip motion. In [6] the authors introduced an energetic dynamic model based on the elastic interaction of the tire with the ground.
In this paper the energetic model is presented considering only the longitudinal friction and the LuGre model is analyzed to give a comparison between the main properties of both models. The Power-Oriented Graphs technique is used for modelling the elastic interaction of the tire with the ground. The energetic approach can avoid some drawbacks of other models and moreover it has always dissipativity properties. The paper is organized in the following way. Section 2 states the main properties of the Power-Oriented Graphs tecnhique, Section 3 presents the energetic model of the tire-ground interaction, Section 4 is about LuGre model and the comparison between the two friction models, in Section 5 shows some simulation results and finally some conclusions are reported in Section 6.
POWER-ORIENTED GRAPHS BASIC PRINCIPLES
The Power-Oriented Graphs technique, see [7] and [6] , is suitable for modeling physical systems. The POG block schemes are normal block diagrams combined with a particular modular structure essentially based on the use of the two blocks shown in Fig. 1 .a and Fig. 1 .b: the elaboration block (e.b.) stores and/or dissipates energy (i.e. springs, masses, dampers, capacities, inductances, resistances, etc.); the connection block (c.b.) redistributes the power within the system without storing nor dissipating energy (i.e. any type of gear reduction, transformers, etc.). The e.b. and the c.b. are suitable for representing both scalar and vectorial systems. In the vectorial case, G(s) and K are matrices: G(s) is always a square matrix composed by positive real transfer functions; matrix K can also be rectangular. The circle present in the e.b. is a summation element and the black spot represents a minus sign that multiplies the entering variable. The main feature of the Power-Oriented Graphs is to keep a direct correspondence between the dashed sections of the graphs and real power sections of the modeled systems: the scalar product x T y of the two power vectors x and y involved in each dashed line of a power-oriented graph, see Fig. 1 , has the physical meaning of the power flowing through that particular section.
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